Supplementary materials and methods

Plasmid construction
Constructs for gene inactivation and genome editing were created on a basis of pX458 plasmid (1). sgRNA sequences were designed using Feng Zhang lab's server (http://crispr.mit.edu/) and cloned into a pX458 vector according to the Feng Zhang lab's protocol (https://media.addgene.org/cms/filer_public/e6/5a/e65a9ef8-c8ac-4f88-98da-3b7d7960394c/zhang-lab-general-cloning-protocol.pdf) to generate a knockout cell line for 1500011k16Rik. The sequences of the sgRNAs were as follows: sgRNA1: GTGCTGAGTGGTTGCAATGGCGG and sgRNA2: TCGGGCTGCAGCGCGTGCTCAGG. The full-length cDNA of 1500011k16Rik and Cyb5r3 were amplified by PCR with primers (F: 5'-CCATTGATGAGAGCTGTGGC-3'; R: 5'-AGCTAGGGACACACAGGACA-3') and (F: 5'-CAGCGTCCAGCCATCAGAA-3'; R: 5'-CGTCTCTTCTTCGCCACCA-3') correspondingly. Fusions with fluorescent proteins were created by restriction free cloning where cDNA of fluorescent protein were amplified with primers containing complementary sequence to the targeted plasmid and the resulting product was used as a primer itself. eGFP was amplified from the pX458 vector with primers (F: 5'-GCAGGTCGACTCTAGAGGATCCCCTTAGAATTCCTTGTACAGCTCGTCCATG-3'; R: 5'-CCAAGGAGCGATGCTTCACCTTCGTGAGCAAGGGCGAGGAG-3'). All obtained vectors were amplified with primers containing Sfi1 restriction sites and cloned into pSBtet-Neo plasmid (2, 3) .
Cell lines NIH3T3 cells were maintained at 37°C in humidified 5% CO2 in DMEM/F12 medium containing 10% FBS, 1% Penicillin/Streptomycin, and 1% Glutamax. NS0 cells were maintained at 37°C in a humidified 5% CO2 in RPMI 1640 medium supplemented with 10% FBS, 1% Penicillin/Streptomycin, and 1% Glutamax. For knockout generation, cells were transfected with pX458 plasmids by Lipofectamine 3000, according to the manufacturer's protocol. Twenty-four hours after transfections, eGFP positive cells were sorted using Becton Dickinson FACSAria III. As the result we obtained three knockout cell lines with following genotypes (Fig. S2) : homozygous ∆Mtln-1 (NIH3T3) with full deletion of Mtln ORF; heterozygous ∆Mtln-2 (NIH3T3) with full deletion of L116 ORF and big insertion of plasmid DNA (red); heterozygous ∆Mtln-3 (NIH3T3) with full deletion of Mtln ORF; homozygous ∆Mtln (NS0) with full deletion of Mtln ORF. Other modified cells were obtained by transposition; they were transfected by plasmids pCMV(CAT)T7-SB100X (2) and pSBtet-Neo (3) with appropriate insertion. Stable cell lines were selected by 7 days growth on geneticin containing media (Thermo Fisher).
Mitochondria isolation
Mitochondria from cultured cells were isolated by differential centrifugation. Firstly, cells were scraped and washed twice in PBS. The cells were pelleted by centrifugation at 500 g for 10 min at 4°C. The cell pellet was suspended in 10x volume of Isolation buffer (0.3 M mannitol, 0.1% BSA, 0.2 mM EDTA, 10 mM HEPES-KOH pH 7.4) and homogenized in loose Dounce-Elvenheim homogenizer for 12 strokes, then a homogenate was centrifuged at 1000g for 10 min at 4°C. Supernatant was collected and spinned at 7,000g for 10 min at 4°C. The resulting pellet, containing crude mitochondria, was suspended in small volume by gentle pipetting and homogenized in tight Dounce-Elvenheim homogenizer for 12 strokes at the same volume ratio of cold Isolation Buffer, final suspension was centrifuged twice at 10,000g for 10 min at 4°C.
Western-blot analysis
Following primary antibodies were used in this study: rabbit polyclonal anti-L116 produced by Eurogentec; rabbit polyclonal anti-Cyb5r3 Santa Cruz Biotech (sc-12040), rabbit polyclonal anti-Tom20 Sigma-Aldrich (HPA011562); goat polyclonal anti-β-actin Abcam (ab8229); rat monoclonal (3F10) Sigma (11867423001); rabbit polyclonal anti-mCherry Abcam (ab183628); rabbit polyclonal anti-Park7 Abcam (ab18257). Cells were resuspended in lysis buffer consisting of 100 mM Hepes-KOH pH 7.5, 150 mM NaCl, 0.05% Triton-100X, DTT and complete protease inhibitor cocktail (Roche). Subsequently, protein extracts were separated by SDS-PAGE gel and transferred onto PVDF membrane (GE Healthcare). Membranes were blocked with 5% BSA in TBS buffer containing 0.1% Tween 20 for 1-3 h at room temperature. Incubation with primary antibodies was performed overnight at 4 ºC. Next day, membranes were incubated with appropriate HRP-conjugated secondary antibodies for 1-2 h at room temperature. Using an ECL kit (GE Healthcare), the immunoreactive bands were visualized by a ChemiDoc system (Bio-Rad).
Quantitative RT-PCR
Total RNA was extracted using PureLink RNA kit (Invitrogen). cDNA was synthesized from total RNA using Superscript ® reverse transcriptase (Invitrogen). The RT-PCR was performed on individual cDNAs by using SYBR ® Green PCR master mix in the CFX96 Touch™ Real-Time PCR Detection System. The primer sequences for 1500011k16Rik: (F: 5'-CAAGCTGGCAACGACTCA-3'; R: 5'-CTCTCCAGTGCTTTTTATTTTCATCT-3'); for GAPDH:
(F: 5'-GGTCCCAGCTTAGGTTCATCAG-3'; R: 5'-GTCGTTGATGGCAACAATCTCCAC-3'). The mRNA expression was calculated by the 2−ΔΔCT method and normalized to the expression of GAPDH.
Confocal microscopy
The day before the experiment, cells were seeded into 35 mm glass bottom dishes (MatTek) with 14 mm glass microwell. For mitochondria staining, MitoTracker Green FM (in cells expressing mCherry fusion) and MitoTracker Deep Red FM (in cells expressing eGFP fusion) (Thermo Fisher) diluted in dimethyl sulfoxide, according to manufacturer instructions, were applied at 25 nM final concentration. Cells were analyzed using a Carl Zeiss LSM700 confocal laser microscope equipped with a 63X objective in Opti-Mem without phenol red at room temperature, with excitation/emission wavelengths 480/520 and 610/690 for MitoTracker Green FM and MitoTracker Deep Red FM, respectively.
Flow cytometry measurement of ROS production
Monitoring of ROS production in adherent and suspension cells was performed according to the protocol proposed by Wojtala and colleagues (4) . All procedures were conducted in Modified Krebs Ringer Buffer (35 мМ NaCl, 5 мМ KCl, 1mM CaCl2, 0.4 mM KH2PO4, 1 mM MgSO4, 5 mM D-glucose, 20 mM HEPES, pH 7.4). Briefly, after collection, cells were washed twice in buffer. Per each assayed condition, 0.5x10 6 of cells was taken. Then cells were incubated in 20 µM 2′,7′-dichlorofluorescin diacetate (DCFDA; Sigma, USA) solution in the dark at room temperature for 45 minutes, washed twice and analyzed by FACSCalibur (Becton Dickinson, USA): 10 4 cells in each measurement. To dissipate membrane potential with aim to minimize ROS production (5) FCCP (carbonilcyanide p-triflouromethoxyphenylhydrazone; mitochondrial uncoupler, Sigma, USA) was added till 10 nM final concentration prior to DCFDA staining.
Analysis of mitochondrial membrane potential
Fluorescent probe JC-1 was used for measuring mitochondrial membrane potential by flow cytometry according to the standard protocol provided by manufacturer (Thermo Fisher Scientific). Briefly, collected cells (3×10 5 cells/well) were washed once in PBS and incubated in 0.5 ug/ml JC-1 solution at 37°C during 20 minutes. To verify specificity of staining, uncoupler FCCP was added prior to JC-1 staining. Viability of cells was evaluated by flow cytometry using propidium iodide: cells were incubated in 1 ug/ml propidium iodide solution (Live Technologies, USA) for 5 minutes at 37°C. Then cells were washed twice and analyzed by FACSCalibur at medium flow rate.
Measurement of oxygen consumption
Cell suspension or purified mitochondria was placed into oxygraph (Hansatech, UK) chamber filled with respiration medium MIR05 (6) at room temperature. Oxygen consumption linked to different complexes of mitochondrial respiratory chain were assessed exactly as described (7) . Malate and glutamate were used for measuring NAD-linked rotenone sensitive respiration on complex I, succinate in presence of rotenone for complex II, duroquinol was reduced as described before directly before experiment and used as an antimycin sensitive substrate for complex III, ascorbate and N,N,N′,N′-tetramethyl-p-phenylenediamine were used for assessing complex IV activity on potassium cyanide sensitive manner. Stepwise control of the ETC-CI linked respiration was assessed by following protocol (8) . The second protocol was performed for checking wild type and knockout, complemented with either L116 gene or luciferase gene as a control to estimate the maximal rate of uncoupled respiration measured in the presence of FCCP with titration until maximum rate was reached (0.2 pmoles -each addition) with the addition of 1 µM rotenone at the end. For every measurement 4×10 6 cells or 100 ug of mitochondrial protein were taken.
Analysis of purified mitochondrial complex I activity
Purified mitochondrial complex I enzyme activity was measured using a complex I enzyme activity assay kit according to the manufacturer's instructions (Cat.ab109721, Abcam). Briefly, 100, 200, and 400 ug samples of total mitochondrial protein extract were loaded into the well of microplate coated with complex I capture antibody, and incubated for 3 hours at room temperature. The activity of complex I was measured by NADH to NAD+ oxidation, which was monitored by absorbance at 450 nm. Complex I activity is expressed as the change in absorbance per minute per microgram of protein.
Co-immunoprecipitation
Cells were harvested in lysis buffer consisting of 100 mM Hepes-KOH pH 7.5, 150 mM NaCl, 0.05% Triton-100X, DTT and cOmplete protease inhibitor cocktail (Roche). Extracts were centrifuged and the concentration of supernatant was measured by Bradford assay. Samples were incubated with 100 ul of anti HA-beads suspension (Sigma Aldrich) overnight. Coimmunoprecipitated proteins were washed and eluted with 0.1 M Gly-HCl, pH 2.8.
NADH dehydrogenase activity
Cyb5r3 enzymatic activity was determined in isolated mitochondria in 20 mM phosphate buffer, pH 7.5, 0.2 mM NADH, and 0.2 mM potassium ferricyanide. The reduction of ferricyanide was monitored at 420 nm at 25 ºC for 5 min. Cyb5r3 activity was expressed as the change in absorbance per minute per microgram protein of mitochondria.
Lipidome
L116 knockouts in murine fibroblast NIH3T3 and myeloma NS0 cell lines were analyzed in separate groups. The NIH3T3 group contained 11 wild-type (WT) samples, 8 samples with ∆MtlnL116-1 genotype (2 technical replicates for each of 4 biological replicates), 6 samples with ∆MtlnL116-2 genotype (2 technical replicates for each of 3 biological replicates), and 6 samples with ∆MtlnL116-3 genotype (2 technical replicates for each of 3 biological replicates), for a total of 31 samples. The second, NS0 group contained 6 WT samples and 10 samples with ∆ mutation (2 technical replicates for each of 5 biological replicates)-in total, 16 samples. Additionally, a group of samples containing 4 WT samples from murine fibroblast NIH3T3 cell line were extracted with 4 samples with ∆Mtln-3 genotype (mitochondrial peptide Mtln knockout, 3 clone), 4 samples with ΔCyb5r3mito genotype (mitochondrial cytochrome b5 reductase 3 knockout), 3 samples with ΔCyb5r3mito,∆Mtln-1 genotype (mitochondrial peptide Mtln and mitochondrial cytochrome b5 reductase 3 double knockout), 3 samples with ΔCyb5r3mito,∆Mtln-2 genotype, and 3 samples with ΔCyb5r3mito+Mtln genotype (mitochondrial cytochrome b5 reductase 3 knockout and mitochondrial peptide Mtln overexpression, transposone construction pSBtetMtln) -in total 21 samples.
Metabolite extraction and UPLC-MS sample preparation: extraction was performed as described in (9) . Two consecutive metabolite extractions from cells were performed at 4 o C by addition of 800 ul of cold methyl tert-butyl ether and methanol (3:1) mixture, 30 min incubation, followed by sonication for 10 min. After that 560 ul of water and methanol (3:1) mixture was added to the samples, followed by 10 sec vortexing and centrifugation at 4 o C at maximum speed for 10 min. This resulted in separation of the solution into two phases: the upper phase (containing organic solvent) was collected and dried in a speedvac. Prior to the lipid samples injection, the system was flushed by injection of the 4 acetonitrile:isopropanol (3:1) mixture aliquots, followed by 4 QC samples to equilibrate the column. The injection order of the complete each sample set was randomized and QCs were injected after every 5th sample (10) . Untargeted lipidome profiling was performed in positive ionization mode (11) .
Data Processing
In total we acquired 92 raw files with spectra which were converted into .mzXML format in centroided mode using CompassXport software (Bruker Daltonics). All preprocessing and analysis steps were performed on a Skoltech Pardus cluster. To define best parameters for peak picking and alignment of initial parameter optimization, IPO (12) was implemented with the set of QC files from each group separately. With the defined parameters, xcms (13-15) was run followed by CAMERA (16) resulting in a final matrix with the intensities of all lipid features found in the samples. The final matrix for the NIH3T3 line contained ∆MtlnL116-2 mutants, ∆MtlnL116-3 mutants, and NIH3T3 wild-type samples. ∆MtlnL116-1 mutants had much lower intensity of the signal due to lower initial sample concentration, and thus were not considered in the further analysis. The matrix for the NS0 line contained ∆ mutants and NS0 wild-type samples. The matrix with the double knockout samples contained NIH3T3 wild-type samples, ∆Mtln samples, ΔCyb5r3mito and ∆Mtln double knockouts, and ΔCyb5r3 and Mtln overexpression samples. In total, there were 3266, and 3804 and 6393 lipid features detected in NIH3T3, NS0, and doubleknockout group respectively. The downstream statistical analysis was done in an R programming environment (17) .
Filtration, normalization and analysis All features with retention time of less than 10 seconds and more than 1200 seconds were removed, assuming that they mostly represent column contamination; 1st and 2nd isotopic peaks were removed, leaving only monoisotopic peaks. This resulted in 1587 and 1881 peaks in the NIH3T3 and NS0 lines respectively. For statistical analysis, intensities of all peaks were normalized by upper quartile, and log2-transformed. Further all peaks were annotated with LIPIDMAPS database (18) and candidates were chosen within 20 ppm mass difference in accordance with the retention time window characteristic for each lipid class. Annotation was resolved up to subclass; we considered NH4 + adduct for TAG and DAG species, H + and Na + for phospholipids and sphingolipids. Annotation was performed for the NIH3T3 group dataset, out of 1587 lipid features, 981 had corresponding hits in the LIPIDMAPS database, 400 features were assigned to a certain class only, and 641 were assigned to a certain lipid category. The NS0 group dataset was then compared to NIH3T3 results with a maximal mass delta of 0.1 ppm and maximal retention time deviation of 2 sec. There were 957 lipid features comprising dataset 1 (DS1) that matched both groups. Technical replicates were averaged. A T-test with BH-correction for multiple testing was applied to find lipids with significant concentration difference between the wild type and knockout lines. To estimate effect size, log2 fold change (log2FC, difference between mean normalized and log2-transformed intensities) was calculated. Relative intensity was calculated as a fraction of raw intensity and total peak intensity in the given sample, and was used as an estimate of mass fraction. For double knockouts dataset (DS2) only peaks with retention time and mass/charge matched those in DS1 were used. To achieve this, we matched peaks from DS1 to peaks in DS2 with m/z difference lower than 0.1 and with retention time difference below 0.1 minute. With these parameters peaks were matched one-to-one. This procedure allowed us to compare 656 peaks between datasets, only these peaks were used in analysis of DS2. All intensities were log2 transformed and upper-quartile normalized. Means of normalized values were used to calculate log2 fold changes. T-test with Benjamini-Hochberg correction for multiple testing was used for statistical testing.
Imaging NADH/NAD+ in cells using SoNar sensor
The cells were plated into 35-mm glass bottom dishes (SPL life sciences) and cultured under standard conditions. The cells were transfected by a mixture of 1 ng vector DNA (pcDNA3.1-SoNar or pcDNA3.1-iNapC vectors) and 3 ul FuGENE HD transfection reagent (Promega) per dish according to manufacturer recommendations. Twenty-four hours after transfection, the culture medium was changed to a Hanks balanced salts solution (PanEko) supplemented with 20 mM of HEPES KOH pH 7 (PanEko). Leica DMI 6000 B widefield fluorescent microscope equipped with a HCX PL Apo CS 40.0×1.25 Oil UV objective was used for imaging. Temperature was maintained at 37 o C throughout the period of imaging. We detected fluorescence of transfected cells in two separate channels corresponding to two peaks in the excitation spectrum of the SoNar biosensor (with maxima at 420 and 485 nm) and with emission at 528 nm. For the channel corresponding to excitation at 420 nm, we used the following filters: EFW excitation, 427/10 (CFP); emission, BP 542/27 (YFP). For the second channel we used a GFP filter cube: excitation, BP 470/40; dichromatic mirror 500; emission: BP 525/50. Recording intervals were 10 s. Final time series were analyzed using the ImageJ software.
Data analysis
Gel images were quantified using ImageJ v1.51w. Statistical analyses were performed in Prism 7 v7.00. Values are average of 4 for NIH3T3 and 3 for NS0 independent experiments done in duplicates.
Supplementary figures
Student's t-test (ns -not significant). Data presented as mean ± SD. 
